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While the exciting agent of dengue fever has been sought by almost 
every investigator  who has  studied  the disease,  few have  attempted 
its cultivation by means of recent bacteriological methods.  Ashburn 
and  Craig, 1 though  fMling  to  cultivate  the  virus,  demonstrated  its 
filterability.  All  attempts  to  grow in  artificial  culture  the  virus  of 
dengue  fever have  been unsuccessful.  At least  the  results  of those 
claiming to have cultured the specific excitant lack confirmation. 
Since  the  etiology of dengue  fever is  only imperfectly understood 
we attempted to propagate the virus in vitro simultaneously with our 
efforts  to  transmit  the  disease  to  the  lower  animal,  by inducing  in 
them a  reaction which would be indicative of the  infection3  Conse- 
quently a  part  of the freshly collected human blood was cultured  in 
special nutrients  as well as in the more common media,  the latter for 
detecting  the  readily  cultivable  bacteria.  We  had  in  mind  at  the 
onset of the work the possibility of dengue fever being caused by some 
spirochetal microorganism.  The method used was essentially that of 
Noguchi  8 in his cultural work upon yellow fever. 
Source  of Material--During  the  epidemic which prevailed  for  cer- 
tain  Gulf States  in  the  summer  and  fall  of  1922  we collected  fresh 
material for study from selected cases at the fastigium of the disease. 
Blood  carefully  taken  was immediately  used.  The  reacting  experi- 
mental  animal  supplied  tissue  as well as blood for cultivation  tests. 
1  Ashburn, P. M., and Craig, C. F., J. Infect. Dis., 1907, iv, 440. 
2 Dural, C. W., and Harris, W. H., South. Med. J., 1924, xvii, 106. 
3  Noguchi, H., J. Exp. Med., 1919, xxx, 13. 
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Thus  virus  propagation  was  attempted  directly with  the  blood  of 
human cases as well as that of certain animals which had been inocu- 
lated with the human blood. 
The materials used for cultivation were in most instances the filtered 
(Berkefeld)  and  unfiltered  serum  from  blood  that  was  allowed  to 
coagulate,  and  the  plasma  obtained  from  citrated  blood.  Tissue 
cultures were prepared with the filtrate of  macerated  spleens  from 
reacting animals.  The quantity of inoculum employed for the indi- 
vidual culture tube was usually 1 rail. 
Cultivation.--The  special  media  used  were  the  Smith-Noguchi 
(fragment of sterile rabbit kidney in ascitic fluid)  and  the  Noguchi 
semisolid  plasma  mixture  for  leptospira  cultivation.  They  were 
sterilly prepared and inoculated by means of  a long sterile capillary 
pipette, one whose capillary portion reached readily to the bottom of 
the tube without admitting the bulb.  The content of the inoculating 
pipette was introduced slowly into the nutrient from below upward by 
gradual pressure upon the rubber teat as the pipette was withdrawn. 
The medium was then capped with a layer of sterile paraffin oil in order 
to  preserve  partial  anaerobiosis.  Incubation  was  carried  out  at  a 
temperature of 37°C.  All tubes showing marked turbidity within 2 
or 3 days were discarded as contaminated. 
The non-contaminated inoculated media show no visible indication 
of growth under 3 weeks, particularly for the initial generation cul- 
tures.  The  first  indication  of  growth  in  the  ascitic  fluid  nutrient 
consists of a  faint clouding or opalescence around the bit of kidney, 
which in several weeks after its appearance gradually extends upward 
to within 2 or 3 cm. of the capping layer of oil.  In the upper strata 
of  the medium the clouding is  more significant of microorganismal 
growth than it is in the lower part about the piece of tissue, where 
macroscopic growth is  often obscured or indistinguishable from the 
cloudiness produced by the disintegration of the contained piece of 
tissue.  From the ocular view-point it is only the opalescence in the 
upper  portion  of  the medium,  which in  the  undisturbed  tubes  has 
gr~odually  ascended  from  below,  that  we  could  regard  as  definite 
macroscopic evidence of growth.  While at no  time did we observe 
colony formations in the ascitic fluid, sedimentation  and  settling  of 
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ceased, leaving now  the previously clouded upper  stratum  as  clear 
as that of the uninoculated medium. 
On the other hand, the changes indicative of growth in the semisolid 
plasma medium are far more striking than those of the liquid ascitic 
nutrient.  Here growth is first visible in the lower part of the tube, 
and appears  as finely granular clouding which subsequently resolves 
into visible grains of pin-point size that are to be recognized as definite 
colonies.  This  character  of  growth  gradually  becomes pronounced 
in  the  medium until  the  upper  limits  of  multiplication  have  been 
reached.  The larger colonies are invariably found in the lower strata 
of the medium, becoming smaller and smaller until  scarcely visible 
as the upper line of growth demarcation is attained. 
When the number of colonies is large the individuals are so small as 
to give a diffuse cloudiness to the medium, and while separate colonies 
cannot be determined by the naked eye, the lowpower lens bringsthese 
distinctly to view.  In cultures in which the colonies are fewer they 
are readily visible and may reach a  diameter of 0.3  ram., appearing 
round and of a grayish color.  Even under the most favorable growth 
condition distinct colonies are not visible  in  the semisolid medium 
before 3 weeks incubation for first generation cultures; however, they 
may appear earlier in cultures of subsequent transplants.  The ocu- 
lar  demonstration  of  primary  growth  in  the  semisolid  medium  is 
exceedingly difficult and unconvincing when there is  an  absence  of 
colonization. 
Multiplication is extremely slow and takes place only under anaero- 
bic conditions in media composed either of ascitic fluid or the plasma 
nutrient of Noguchi.  No growth occurs in inoculated tubes of ordi- 
nary laboratory media under any conditions. 
Berkefeld filtrates give rise to growth in the special media less con- 
stantly than the unfiltered material from which the filtered specimen 
was prepared.  In  the positive  cultures obtained  with  filtrates  the 
initial appearance of growth is much later, and when complete shows 
far fewer colonies; however, these attain a maximum size. 
In a series of direct cultural experiments with the blood from twelve 
cases  of  dengue  fever  we  have noted  the  identical  growth  in five 
instances.  For another series of cultural tests with the blood from 
reacting  guinea  pigs  that  were  previously  inoculated  with  human 838  ETIOLOGY  OF  DENGUE  FEVER.  II 
dengue blood,  a  similar  growth was  obtained.  Likewise the blood 
from guinea pigs inoculated with recovered cultures yielded a growth 
of the same character.  The cultures from the human and experimen- 
tal animal behave alike with respect to growth features and seem in 
all particulars identical. 
The earlier generation of cultures obtained directly from the human 
case  induces  in  the  guinea  pig  pyrexial  and  leucocytic response. 
Furthermore, the  same  reaction is  occasioned in  this  animal  with 
cultures recovered from the blood of the guinea pig. 
Morphology.-TThe cultures from fluid and semisolid media observed 
with the dark field show innumerable dancing globular bodies which 
are single, in pairs,  and in masses and not unlike~ as far as arrange- 
ment and  morphology, the  "globoid  bodies"  described by  Flexner 
and  NoguchP  for  poliomyelitis.  They  are  devoid  of  independent 
motion and the individuals are not distinguishable from the colloid 
particles  common in  serum suspensions viewed with  the  dark-field 
microscope; a point of distinction, however, lies in the greater number 
of the minute organism and its arrangement in closely packed colony 
aggregations.  While in a given microscopic field the majority of the 
globoid bodies occur singly, there are many diplococcoid forms.  Short 
chains  composed  of  four  to  six  individuals  are  only  occasionally 
encountered. 
The microorganism is a minute coccoid body of quite regular form, 
measuring from 0.1  to  0.3  micron  in  diameter.  It  readily  passes 
through  the V and N  Berkefeld  filters.  It cannot be stained  by 
Gram's method, or by any of the simple dyes with  the exception of 
carbolfuchsin.  Even with this stain the organism is poorly colored. 
The various  Romanowski methods of staining, particularly that of 
Giemsa, define more clearly the outline of the minute organism.  Cul- 
tures from the human and guinea pig sources take the stains equally 
well.  The  difficulty with  finctorial methods  employed is  that the 
globoid bodies do not stain intensely and are not sharp in outline. 
Considerable trouble may be experienced in recognizing the micro- 
organism in stained preparations when these are prepared from cul- 
tures before visible  colonization has  occurred.  This presumably is 
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due to the paucity in numbers and  the minute size of the organisms, 
making it hard to distinguish them from stained colloidal precipitates 
of  the  medium.  Either  nothing  whatsoever  can  be  recognized  as 
microorganisms  or  merely  globoid  bodies  the  nature  of  which  is 
indeterminate.  It is in numbers one is convinced that he is dealing 
with  a  living  structure.  Before  we  obtained  colonization  in  our 
cultures we  did  not  suspect  the  nature  of the  often observed pairs, 
short chains, and masses of globoid bodies in the dark-field and stained 
preparations.  The minute  microorganism has  cultural,  morphologi- 
cal,  and  tinctorial  features in  common with  the  cultivated virus  of 
poliomyelitis described  by Flexner and  Noguchi  4 as  globoid  bodies. 
Animal  Inoculation.--To  determine  whether  the  peculiar  minute 
organism recovered in pure culture from human dengue blood and the 
blood  of reacting animals  possesses pathogenic properties,  and  is in 
this  respect  alike for the various  cultures  isolated from different 
sources, guinea pigs of approximately 250 gm. weight were used in the 
tests.  The animals were injected intraperitoneaily with 1 rail quanti- 
ties of culture filtrates.  In each instance  the filtrate was  tested for 
ordinary  bacterial  contaminators  by inoculating portions  of it  into 
dextrose bouillon.  The experiments were carried out for cultures of 
different sources as well as for different generations of the same strain. 
Only filtrates of cultures were employed for animal inoculation. 
Experiment 1.--("Eber" strain.  Recovered directly from human case (No. 11) 
in  semisolid  plasma  medium.  Culture  of  third  generation.) Six  guinea  pigs, 
normal with  respect  to  temperature and  circulating leucocytes, each  received 
intraperitoneally 2 mils of a filtrate from an 18 day old culture.  There was macro- 
scopic  evidence of growth for the culture employed as indicated by a  distinct 
cloudiness of the medium,  most marked in the  lower third of the tube.  4 to 6 
days after the inoculation three of the pigs developed suddenly a  temperature 
which ranged between 104°F. and 106°F., lasting from 3 to 5 days, when it sub- 
sided and remained normal.  There occurred for each of the animals with pyrexia 
a concomitant drop in the circulating leucocytes which remained low for several 
weeks  after  the  temperature became normal  and  the  animal  had  apparently 
recovered.  Aside from the pyrexia and leucopenia the animals  showed no other 
signs of infection.  Even during the height of the fever they did not seem ill to 
all outward appearances. 
One of the pigs was sacrificed at the fastigium of the temperature and a portion 
of the filtered defibrinated blood was cultured to several  tubes of special media 
and another portion injected into other animals including the monkey and rabbit. 
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covered in certain tubes of the special media which had been inoculated with blood 
of the reacting animal.  Likewise some of the inoculated animals reacted in due 
course, excepting the monkeys and rabbits.  In these species we at no time de- 
tected signs of infection. 
Experiment  2.--("Eber" strain, from Case 11.  Culture in sixth generation.) 
Four guinea pigs were injected intraperitoneally with 1 rail doses of the filtered 
culture.  The inoculated dextrose broth controls for extraneous bacteria remained 
sterile.  Two of the pigs developed temperature and leucopenia 4 to 5 days fol- 
lowing the injection, and ran  the usual course noted for the reacting animals. 
One of the pigs, however, developed a secondary rise in temperature which lasted 
for 3 days, after a 36 hour remission of the primary pyrexia ("saddleback" tempera- 
ture curve).  Both reacting pigs were bled from the heart during the height of the 
infection, the withdrawn blood defibrinated and the serum filtered and inoculated 
into other animals of the species.  A  portion of the filtrate was transferred to 
special media for in vitro cultivation.  Of  the inoculated culture tubes growth 
appeared in three out of eight after an incubation of 4 weeks at 37°C. 
A  remarkable feature  for  the  growth  in  the  semisolid plasma mixture  was 
definite colonization, the colonies appearing  as tiny grain-like particles in  the 
lower two-thirds of the culture tubes.  1Vficroscopic examination of specially  stained 
preparations showed these colony masses to be minute coccoid bodies identical 
to those in the culture used for the animal inoculation. 
Experiment  3.--("Wetmore"  strain.  Recovered  directly  from  the  human 
case (No.  3).)  Eight animals were inoculated intraperitoneaUy with 1 rail quan- 
tities of the filtered culture (first generation) of ascitic tissue medium which had 
incubated at 37°C. for 24 days.  Two of the pigs reacted in a characteristic man- 
ner, the others failing to show any rise in temperature or fall in the circulating 
leucocytes during the period of observation.  In one of the pigs the fever rose 
suddenly, 4 days after the inoculation, to 105°F., remaining around this level for 
3 days, then remitting, to be followed by a rise of short duration.  In this animal 
the leucocytes fell to 4,(~(~0 from an original count of 15,000  before inoculation. 
The pig was sacrificed on the 8th day of the infection.  At autopsy the spleen was 
found  greatly enlarged but  otherwise nothing  else noted  that  was  remarkable, 
Blood was  transferred to  special culture media and  also inoculated into  other 
animals.  No  growth  of  coccoid bodies  was  obtained  upon  the special media 
because the blood contained a bacillus of the enteriditis group. 
Experiment 4.--(Guinea pig strain.  Recovered from animal reacting to injec- 
tion  of dengue blood from Case  11.  Culture  in sixth generation.)  Four guinea 
pigs  each  received intraperitoneaUy 1  rail doses  of  the  culture filtrate, which 
proved sterile in broth with respect to common bacteria.  Two out of the series of 
animals injected developed pyrexial and leucocytic reactions 5 to 7 days following. 
In one pig the temperature reached 107°F. on the 3rd day of the reaction, and the 
circulating leucocytes fell to 3,000.  Two  of the animals, while failing to show 
temperature  rises, developed well marked leucopenia.  One  of the  pigs in  the CHARLES  W.  DUVAL  AND  WILLIAM  H.  HARRIS  841 
course  of the  infection presented the  so called "saddleback"  temperature  curve. 
At the height of pyrexia  the animals were bled from the heart to obtain material 
for  culturing  and further  animal  transmission.  Positive  cultures  were  obtained 
from the blood filtrate  upon plasma  medium,  and  tinctorially  and  morpholog- 
ically were similar to  the culture used for injection  and also the culture which had 
been isolated directly from the human case (" Eber" strain). 
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FIG.  1. 
Text-fig. 1 is representative of the reaction in guinea pigs induced by 
the intraperitoneal inoculation of culture filtrates. 
The experiments show that the inoculation of culture into the guinea 
pig is characterized by a primary pyrexia after a definite incubation 
period, with a secondary rise in temperature following a short period 
of  remission  and  a  concomitant  fall  in  the  circulating  leucocytes. 
The reaction induced in the animal is alike for the culture filtrates of 
human and guinea pig sources respectively.  Furthermore,  the reac- 842  ETIOLOGY  OF  DENGUE  FEVER.  II 
tion to culture inoculation is identical to that produced in the animal 
with fresh human dengue blood.  Filtrates from cultures of the sixth 
subtransplant  infect equally as well as those of  earlier generations; 
however,/or cultures further removed larger doses are necessary and 
fewer animals react.  The monkeys and rabbits inoculated with cul- 
tures  give  rise  to  no  pyrexia or  fall in  the  circulating leucocytes. 
Negative results in these animals were also  obtained with the blood 
from the human dengue patients. 
DISCUSSION  AND  SUMMARY. 
We have described the cultivation of a minute organism, upon the 
special media devised by Noguchi for growing spilochetai organisms, 
that gives rise to pyrexial and leucocytic reactions in the guinea pig. 
The reaction in the animal following the injection of culture filtrate is 
identical  with  that  induced by  the  inoculation  of  human  dengue 
blood. 5 
While  it  is  possible,  it  is  hardly probable  that  the  infection of 
animals  with  cultures  of  this  microorganism  several  generations 
removed from the original is due to a mechanically transferred virus 
with which the visible microorganism cultivated became accidentally 
associated.  Furthermore,  it  is  unlikely  that  such  a  virus  would 
remain viable and be carried over to subcultures in sufficient numbers 
to infect the animal. 
The microorganisms appear in culture as globoid bodies measuring 
from 0.1 to 0.3~ in diameter and are arranged singly, in pairs, and in 
short chains.  They readily pass through the Berkefeld filter (N and 
V) and the filtrate gives rise to a characteristic reaction in the inocu- 
lated guinea pig.  The filtrate yields in subplants  the same globoid 
bodies of the original culture. 
Initial cultures have been obtained directly from the blood of the 
human case as well as from the blood of guinea pigs reacting to the 
human material.  However, only early generations retain the degree 
of virulence necessary to cause the experimental reaction, the culture 
of remote generation failing to infect. 
As far as known this minute organism has characters in common 
with the globoid bodies of Flexner and Noguchi obtained from cases of 
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poliomyelitis.  In  plasma  semisolid  medium  the  striking  feature 
indicative of growth is colonization, which in itself serves to differen- 
tiate the opalescence of the medium occasioned by disintegration of 
the contained tissue. 
As regards the presence of spirochetal organisms in  the blood  of 
dengue fever, we may state that examination was made of the material 
from human cases and from. a  large number of inoculated animals. 
Despite  the most careful search with the dark-field microscope and 
repeated examinations of blood specimens stained by the best methods, 
we have been unable to find any demonstrable spiral organism in the 
blood of dengue patients or in the experimentally  inoculated animal. 
The minute organism herein described is frequently present in cul- 
tures of the blood of human dengue and of animals inoculated with 
dengue material.  The  inoculation  of  the  culture  into  guinea  pigs 
produces a response comparable to that occurring in the human case, 
and that induced by the injection of human dengue blood in guinea 
pigs.  While we are of the opinion that the anaerobic globular bodies 
described may bear etiological relationship to dengue, we realize that 
further proof and confirmation of our work are required to establish 
the connection. 
EXPLANATION OF PLATES. 
PLATE 36. 
FIGS.  1 to  5.  Photomicrographs of globoid bodies in pure culture which were 
isolated directly from the blood of dengue patients upon semisolid plasma medium. 
Note the coccoid form of the microorganism and its arrangement singly, in pairs, 
and in occasional short chains.  Magnification ×  2,000.  Zeiss obj. 2 mm. 
FIG. 6.  Two pairs of streptococci are shown for comparative size.  Magnifica- 
tion ×  1,000.  Zeiss  obj. 2 ram. 
PLATE 37. 
FIGS. 7  to  11.  Photomicrographs of  globoid bodies  from pure  culture  with 
Streptococcus viridans to show comparative size and difference in intensity of stain- 
Lug.  Fig. 7 shows one chain of seven and three pairs of streptococci; Fig. 8, one 
chain of four and two single streptococci.  Figs. 9 and 10 show only globoid bodies; 
Fig. 11  contains one chain of four streptococci.  Note that the globoid micro- 
organism is  much  smaller and  less intensely  stained than  the streptococcus. 
Magnification ×  1,000.  Zeiss  obj. 2 ram. 
FIGS. 12 and 14. Photographs of adrenal and spleen of guinea pig reacting to 
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FIGS. 13 and  15.  Normal adrenal  and spleen of same weight animal  for com- 
parison.  Note the great increase in size of the experimental dengue organs. 
PLATE 38. 
FIG. 16. Drawing of macroscopic growth of globoid bodies in anaerobic tubes 
of  semisolid plasma  media.  Note  colonization  of culture in the form of minute 
grain-like particles more numerous and larger for lower stratum of medium, and 
ending rather abruptly 1 to 2 cm. below the covering cap of parai~n oil. THE JOURNAL OF EXPERIMENTAL  MEDICINE VOL.  XL.  PLATE 36. 
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